This paper presents a proposed new structure of the power MOSFET model and its implementation in the HSPICE and PECT I1 (Power Electronics and Control Tool) packages. A fast and accurate technique of determining the power MOSFET model parameters which introduces a curve-fitting optimisation technique is discussed in detail. The optimisation process generates automatically a set of device parameters based on the input specification measured data and manufacturer's data sheets. The input procedure involves a netlist specifying parameters tolerances, component voltage and current limits and an initial guess to the selected parameter. Using curve fitting and iterative methods, the "correct" model will be generated for utilisation in the simulation phase of both the HSPICE and PECT 11 packages. This method is then compared to that of a normal method which uses specific formulae to get power MOSFET model parameters. The results show that the curve-fitting optimisation technique produces more accurate power MOSFET model parameters compared to the other method. Both simulation and experimental results of the characteristics of the power MOSFET are also included in the discussion.
INTRODUCTION
The expansion of power electronics over the past three decades can be linked to advances in power semiconductor devices, since they are crucial to every power electronics applications. Power semiconductor switching devices constitute the heart of modern power electronics. Each of them has a range of power ratings and switching speeds. To support this rapid progress, a need of having a comprehensive user-friendly knowledge-base system for power electronics circuit designs is a must. For this purpose, the PECT I1 system has been developed by the authors at the Department of Electronic and Electrical Engineering, University of Bradford, UK and the Department of Electrical and Electronic Engineering, Universiti Putra Malaysia [I, 21. One of the characteristics of this system is to provide a complete and comprehensive power semiconductor devices data bank which can be used in power electronics circuit designs. The power MOSFET model is one of the power semiconductor device models available in the power semiconductor data bank of the PECT I1 system. This device is commonly used in power electronics circuits of low to medium power ratings, especially in applications where high switching frequency is required. The development of its model and parameters estimation are discussed in detail.
A PROPOSED NEW STRUCTURE OF THE POWER MOSFET MODEL
In the past few years, several power MOSFET models have been introduced to the users [3, 4, 51. Each of them has its own advantages and disadvantages. A proposed new structure of the power MOSFET model is depicted in Figure 1 . This is a modified version of the Yee and Lauritzen's power MOSFET model [3] . Basically the power MOSFET model consists of two signal MOSFET devices Q1 and 42, a gate-source capacitor CGS, gate-drain capacitors CGDl and CGD2, and a diode 0-7803-497 1 -7/98/$10.00 0 1998 IEEE Dbody. CGDl and CGD2 represent both maximum and minimum values of the gate-drain capacitor, respectively which simulate the non-linear gatedrain capacitor value of the power MOSFET. The signal MOSFET 4 2 acts as a switch to select the corresponding values of the gate-drain capacitor.
For example, when the signal MOSFET Q1 is turned on, 4 2 will select CGDl and when Q1 is turned off, 4 2 will choose CGD2. Three new components have been added by the author to the model to improve its performance, both for DC and transient characteristics, especially in the high frequency region. The first component is a parasitic gate resistor, RG. The rate of charging and discharging of the device capacitance depends on this parasitic component so that it plays an important role in determining the device turn-on and turn-off delay times. Furthermore, it has no effect on the DC characteristics. The others added components are the parasitic drain and source inductors, namely LD and LS. Their function is to improve the performance of the device model in representing switching transient characteristics, specifically the rise and fall times. The effect of these parasitic inductors to the circuit operation is more significant at a high operating frequency level, greater than 1OkHz. The power MOSFET device chosen to be modelled and tested in this experiment is an N-channel type, BUZl 1A [5].
PARAMETER ESTIMATION BY A
A curve-fitting optimisation technique is one of the facilities available in the HSPICE [6] . It generates automatically the model parameters and component values from a given set of electrical specifications or measured data. The advantages of the method are that it takes less time to determine the parameters and gives accurate results. Furthermore, no complicated calculation and formulae are required.
CURVE-FIITING 0P"IMISATION METHOD

Optimisation Procedure
The optimisation input net-list file includes defining the circuit model, specifying the circuit parameters which are going to be optimised, giving minimum and maximum values of the parameters, giving initial guess values of the parameters, and specifying optimisation type. There are two types of optimisation. The first type is called goal optimisation and the second type is called curvefitting optimisation. The goal optimisation is a process in which the optimisation target is based on a particular electrical specification, such as the rise time of a power semiconductor device. Iteration of the simulation occurs continuously until the optimised solution is found. The curve-fitting optimisation utilises external data, such as output characteristics data curves, as a target specification of the optimisation. The optimiser calculates and compares the values of the parameters with the external data until the closet fit to the external data curves are obtained. If this condition is not achieved, the optimiser will produce a new set of optimised parameters values and reiterate the simulation program. The duration of the optimisation process depends on the number of iterations allowed, the relative input tolerance and the gradient tolerance. Usually, the optimiser takes about ten to thirty iterations to complete the optimisation process. The performance of the optimiser can be improved by giving, as closely as possible, the initial estimated values of the optimised parameters to the original targets. As a result, a significant reduction in simulation time and a faster convergent solution are achieved.
Comparison of the Simulation Results of Output Characteristic Curves Obtained from Calculation and Curve-fitting Optimisation Methods with the Output Characteristic Curves of'a Data Sheet
The output characteristics curves of the power MOSFET are selected as a target specification of the optimisation process. The flowchart of the input net-list program is shown in Figure 2 . In the input net-list file, firstly, the control options of the program are set-up. The control options used are POST, NODE, ACCT, LIST, NOPAGE, NEWTOL, RELMOS and ABSMOS. The NEWTOL option is used to control the iteration process while the ABSMOS and REiLMOS options are used for the DC MOS model optimisation to improve the simulation accuracy.
The maximum number of iterations is defined in the .MODEL statement by a variable called ITROPT. The power MOSFET model and optimised parameters are declared after the .MODEL statement. Then the circuit configuration is initialised prior to the initially estimated, minimum and maximum values list of the optimised parameters, which are specified by the .PARAM statement. The output characteristics curves data are stored in the data file as the in-line data using the .DATA statement.
There are four types of data used in this data file; the drain-source voltage, VDS, gatesource voltage, VGS, substrate-source, VBS and drain-source current, IDS. The VDS varies from OV to 1OV in steps of 0.2V and the VGS varies from 4V to 7V in steps of 1V. Since the substrate and source are shorted together, therefore VBS is assumed to be OV all the time. Table 1 .
Comparison of the output characteristic curves produced by the data sheet, calculation and optimisation techniques are shown in Figure 3 which demonstrates the model output characteristics curves closely match the curves produced by the data sheet [3, 4, 5] . This shows that the optimisation technique produces an accurate power MOSFET model. Since the optimisation technique is better than the calculation technique in producing an accurate power MOSFET model, this method is chosen as a tool to extract the parameters.
Although, the calculation method does not generate accurate results, this technique still can be used to determine the initial estimated values of the power MOSFET model parameters in the optimisation process.
TEST RESULTS OF A POWER MOSFET MODEL
For validity purposes the new power MOSFET model proposed by the author discussed in this paper was tested both in simulations and experiments. The tests include a transfer characteristic curve test, a saturation characteristics curves test, break-down characteristics curves test, a resistive load test, an unclamped R-L load test and a clamped R-L load test. Only selected tests are included in this paper. Parameters values of the of the BUZllA power MOSFET obtained from the curve-fitting optimisation method were used in the tests.
Clamped R-L Load Test
The circuit configuration diagram of a clamped resistive-inductive load test is shown in Figure 6 . The input frequency used is 1kHz. The simulation and experimental results are shown in Figures 4 and 5 , respectively. The shape and amplitude of the waveforms are almost similar compared to one another. From the simulation and experimental results analysis it is seen that the power MOSFET model used in the simulation successfully simulates the behaviour of the clamped resistive-inductive load. Figure 6 demonstrates that the proposed power MOSFET model is successfully implemented in the PECT I1 system.
CONCLUSION
A new proposed power MOSFET model was presented. Two types of power MOSFET parameter estimation techniques namely a calculation and curve-fitting optimisation methods were analysed, tested and compared. It was found that the curve-fitting optimisation method produced more accurate parameter values compared with that of a calculation method. This was demonstrated in both simulation and experimental results. The proposed power MOSFET model was then implemented successfully in the power semiconductor device database of the PECT (Power Electronic Control Tool) I1 system. 
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